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Abstract 
  
In this paper, we define irregular bipolar fuzzy graphs and its various classifications. 
Size of regular bipolar fuzzy graphs is derived. The relation between highly and neighbourly 
irregular bipolar fuzzy graphs are established. Some basic theorems related to the stated 
graphs have also been presented.  
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1  Introduction 
 
 In 1965 , Zadeh [25] introduced the notion of fuzzy subset of a set as a method of 
presenting uncertainty. The fuzzy systems have been used with success in last years, in problems 
that involve the approximate reasoning. It has become a vast research area in different disciplines 
including medical and life sciences, management sciences, social sciences, engineering, 
statistics, graph theory, artificial intelligence, signal processing, multiagent systems, pattern 
recognition, robotics, computer networks, expert systems, decision making, automata theory etc. 
In 1975 , Rosenfeld [20] introduced the concept of fuzzy graphs. In 1994 , Zhang [26] 
initiated the concept of bipolar fuzzy sets as a generalization of fuzzy sets. Bipolar fuzzy sets are 
extension of fuzzy sets whose range of membership degree is 1,1][− . In bipolar fuzzy set, 
membership degree 0  of an element means that the element is irrelevant to the corresponding 
property, the membership degree within (0,1]  of an element indicates that the element somewhat 
satisfies the property, and the membership degree within 1,0)[−  of an element indicates the 
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element somewhat satisfies the implicit counter property.  For example, sweetness of  foods is a 
bipolar fuzzy set. If sweetness of foods has been given as positive membership values then 
bitterness foods is for negative membership values. Other tastes like salty, sour, pungent (e.g. 
chili), etc are irrelevant to the corresponding property. So these foods are taken as zero 
membership values.  
In 2011, Akram [2] introduced the concept of bipolar fuzzy graphs and defined different 
operations on it.  Bipolar fuzzy graph theory is now growing and expanding its applications. The 
theoretical developments in this area is discussed here. 
 
1.1  Review of literature 
 
 After Rosenfeld [20], fuzzy graph theory is increased with a large number of branches. 
Samanta and Pal introduced fuzzy tolerance graphs [21], fuzzy threshold graphs [22], fuzzy 
competition graphs [23] and bipolar fuzzy hypergraphs [24]. Mathew and Sunitha [6] described 
the types of arcs in a fuzzy graph. Nagoorgani and Malarvizhi [12] established the isomorphism 
properties of strong fuzzy graphs. Nagoorgani and Radha [11] defined regular fuzzy graphs. 
Nagoorgani and Vadivel [13] showed relations between the parameters of independent 
domination and irredundance in fuzzy graphs. Nagoorgani and Vijayalaakshmi [14] defined 
insentive arc in domination of fuzzy graph. Nair and Cheng [17] defined cliques and fuzzy 
cliques in fuzzy graphs. Nair [18] established the definition of perfect and precisely perfect fuzzy 
graphs. Natarajan [19] et al. showed strong (weak) domination in fuzzy graphs. Akram [1] 
defined different operations on bipolar fuzzy graphs. He also shown that the automorphism 
property of bipolar fuzzy graph. Strong bipolar fuzzy graphs were also introduced here. He also 
introduced regular bipolar fuzzy graphs [2]. 
 
2  Preliminaries 
 
 A  fuzzy set A  on a set X  is characterized by a mapping [0,1]: →Xm , called the 
membership function. A fuzzy set is denoted as ),(= mXA . A  fuzzy graph [20] ),,(= µσξ V  is 
a non-empty set V  together with a pair of functions [0,1]: →Vσ  and [0,1]: →×VVµ  such 
that for all ,, Vvu ∈  )()(),( vuvu σσµ ∧≤  (here yx ∧  denotes the minimum of x  and y ).  
Partial fuzzy subgraph ),,(= ντξ V′  of ξ  is such that )()( vv στ ≤  for all Vv∈  and 
),(),( vuvu νµ ≤  for all Vvu ∈, .  Fuzzy subgraph [8] ),,(= µσξ ′′′′ P  of ξ  is such that VP ⊆ , 
)(=)( uu' σσ  for all Pu∈ , ),(=),( vuvu µµ ′  for all Pvu ∈, . A fuzzy graph is  complete [11] if 
)()(=),( vuvu σσµ ∧  for all Vvu ∈, . The  degree of vertex u  is ).,(=)(
),(
vuud
vu
µ
ξ
∑
∈
 The  
minimum degree of ξ  is }|)({=)( Vuud ∈∧ξδ . The  maximum degree of ξ  is 
}|)({=)( Vuud ∈∨∆ ξ . The  total degree [11] of a vertex Vu∈  is )()(=)( uudutd σ+ . A fuzzy 
graph ),,(= µσξ V  is said to be  regular [11] if kvd =)( , a positive real number, for all Vv∈ . 
If each vertex of ξ  has same total degree k , then ξ  is said to be a  totally regular fuzzy graph. 
A fuzzy graph is said to be  irregular [16], if there is a vertex which is adjacent to vertices with 
distinct degrees. A fuzzy graph is said to be  neighbourly irregular [16], if every two adjacent 
vertices of the graph have different degrees. A fuzzy graph is said to be  totally irregular, if there 
is a vertex which is adjacent to vertices with distinct total degrees. If every two adjacent vertices 
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have distinct total degrees of a fuzzy graph then it is called  neighbourly total irregular [16]. A 
fuzzy graph is called  highly irregular [16] if every vertex of G  is adjacent to vertices with 
distinct degrees. The complement [8] of fuzzy graph ),,(= µσξ V  is the fuzzy graph 
),,(= µσξ ′′′ V  where )(=)( uu σσ ′  for all Vu∈  and  
 



∧
′
.),()(
0,>),(0,
=),(
otherwisevu
vuif
vu
σσ
µ
µ  
Let X  be a nonempty set. A  bipolar fuzzy set [26] B  on X  is an object having the form 
}|))(),(,{(= XxxmxmxB ∈−+ , where [0,1]: →+ Xm  and 1,0][: −→− Xm  are mappings. If 
0)( ≠+ xm  and 0=)(xm− , it is the situation that x  is regarded as having only positive 
satisfaction for B . If 0=)(xm+  and 0)( ≠− xm , it is the situation that x  does not satisfy the 
property of B  but somewhat satisfies the counter property of B . It is possible for an element x  
to be such that 0)( ≠+ xm  and 0)( ≠− xm  when membership function of the property overlaps 
that of its counter property over some portion of X . For the sake of simplicity, we shall use the 
symbol ),(= −+ mmB  for the bipolar fuzzy set }|))(),(,{(= XxxmxmxB ∈−+ . 
For every two bipolar fuzzy sets ),(= −+ AA mmA  and ),(= −+ BB mmB  on X , 
)))(),(()),(),(((=))(( xmxmmaxxmxmminxBA BABA −−++∩ . 
)))(),(()),(),(((=))(( xmxmminxmxmmaxxBA BABA −−++∪ . 
A  bipolar fuzzy graph [1] with an underlying set V  is defined to be the pair ),(= BAG  
where ),(= −+ AA mmA  is a bipolar fuzzy set on V  and ),(= −+ BB mmB  is a bipolar fuzzy set on 
VVE ×⊆  such that )}(),({),( ymxmminyxm AAB +++ ≤  and )}(),({),( ymxmmaxyxm AAB −−− ≥  for all 
Eyx ∈),( . Here A  is called bipolar fuzzy vertex set of V , B  the bipolar fuzzy edge set of E . A 
bipolar fuzzy graph ),(= BAG  is said to be strong if ))(),((=),( ymxmminyxm AAB +++  and 
))(),((=),( ymxmmaxyxm AA −−− . The  complement [1] of a strong bipolar fuzzy graph G  is 
),(= BAG  where ),(= −+ AA mmA  is a bipolar fuzzy set on V  and ),(= −+ BB mmB  is a bipolar 
fuzzy set on VVE ×⊆  such that 
(1) VV = , 
(2) )(=)( xmxm AA ++  and )(=)( xmxm AA −−  for all Vx∈ , 
(3)  
 



∧ ++
+
+
.),()(
0,>),(0,
=),(
otherwiseymxm
yxmif
yxm
AA
B
B  
 
 



∨ −−
−
−
.),()(
0,<),(0,
=),(
otherwiseymxm
yxmif
yxm
AA
B
B  
 
Definition 1 [2] Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
The graph G  is called complete bipolar fuzzy graph if )}(),({=),( 112 vmumminvum +++  and 
)}(),({=),( 112 vmummaxvum −−−  for all Vvu ∈, .  
 94 
 
 
Definition 2 [2] Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
If 21 =)(,=)( kudkud −+  for all Vu∈ , 21,kk  are two real numbers, then the graph is called 
),( 21 kk -regular bipolar fuzzy graph.  
 
 
Definition 3 [2] Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
The total degree of a vertex Vu∈  is denoted by )(utd  and defined as ))(),((=)( utdutdutd −+  
where )(),(=)(),(),(=)( 12
),(
12
),(
umvumutdumvumutd
EvuEvu
−−
∈
−++
∈
+ ++ ∑∑ . If all the vertices of a 
bipolar fuzzy graph are of total degree, then the graph is said to be totally regular bipolar fuzzy 
graph.  
 
 
3  Some definitions related to bipolar fuzzy graphs 
 
 Degree of a vertex of a bipolar fuzzy graph is defined below.  
Definition 4 Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
The positive degree of a vertex ∈u  G  is ),(=)( 2
),(
vumud
Evu
+
∈
+ ∑ . Similarly negative degree of a 
vertex Gu∈  is ),(=)( 2
),(
vumud
Evu
−
∈
− ∑ . The degree of a vertex u  is ))(),((=)( ududud −+ .  
 
 
Example 1  We consider a bipolar fuzzy graph shown in Figure 0. Here 
0.5=0.2)(0.3)(=)(0.9,=0.50.4=)( 11 −−+−+ −+ vdvd . So 0.5)(0.9,=)( 1 −vd . Similarly 
0.7)(0.9,=)( 2 −vd  and 0.8)(1,=)( 3 −vd .  
 
Order and size of a bipolar fuzzy graph is an important term in bipolar fuzzy graph 
theory. They are defined below.  
 
Definition 5 Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
The order of G  is denoted by )(GO  and defined as ))(),((=)( GOGOGO −+  where 
)(=)( 1 umGO
Vu
+
∈
+ ∑  and )(=)( 1 umGO
Vu
−
∈
− ∑ .  
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Definition 6 Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
The size of G  is defined by ))(),((=)( GSGSGS −+  where ),(=)( 2
,),(
vumGS
vuEvu
+
≠∈
+ ∑ , 
),(=)( 2
,),(
vumGS
vuEvu
−
≠∈
− ∑ .  
  
Example 2  In Figure 1, a bipolar fuzzy graph is shown.  Here 1.4)(1.9,=)( −GO  and 
1)(1.4,=)( −GS .  
 
 
 
                      
 
  
Figure  1:  Degrees of the vertices of a bipolar fuzzy graph. 
  
 
Definition 7 Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
The underlying crisp graph of G  is the crisp graph ),(= EVG ′′′  where 0>)(|{= 1 vmvV +′  or 
0}<)(1 vm−  and 0>),(|),{(= 2 vumvuE +′  or 0}<),(2 vum− .  
 
 
Definition 8  A bipolar fuzzy graph is said to be connected if its underlying crisp graph is 
connected.  
  
Example 3 A crisp underlying graph is shown in Figure 2.  It is also an example of 
connected bipolar fuzzy graph.  
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Figure  2:  Example of connected regular bipolar fuzzy graph. 
  
 
Theorem 1  Let G  be a regular bipolar fuzzy graph where induced crisp graph 'G  is an 
even cycle. Then G  is regular bipolar fuzzy graph if and only if either +2m  and −2m  are constant 
functions or alternate edges have same positive membership values and negative membership 
values.  
  Proof. Let ),(= BAG  be a regular bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively 
and underlying crisp graph G′  of G  be an even cycle. If either −+ 22 , mm  are constant functions or 
alternate edges have same positive and negative membership values, then G  is a regular bipolar 
fuzzy graph. Conversely, suppose G  is a ),( 21 kk -regular bipolar fuzzy graph. Let neee ,,, 21 …  be 
the edges of G′  in order. As in the theorem 3 ,  
 



−
+
.,
,,
=)(
11
1
2
evenisiifck
oddisiifc
em i  
 
 



−
−
.,
,,
=)(
22
2
2
evenisiifck
oddisiifc
em i  
If 111 = ckc − , then +2m  is constant. If 111 ckc −≠ , then alternate edges have same positive and 
negative membership values. Similarly for −2m . Hence the results. □   
Theorem 2 The size of a ),( 21 kk -regular bipolar fuzzy graph is )2,2(
21 pkpk
 where 
|=|Vp .  
  Proof. Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and ),(= 22 −+ mmB  
be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. The size of 
G  is )),(),,((=)( 22 vumvumGS
vuvu
−
≠
+
≠
∑∑ . We have 
)(2=)],(),,(2[=)( 2
),(
2
),(
GSvumvumvd
EvuEvuVv
−
∈
+
∈∈
∑∑∑ . So )(=)(2 vdGS
Vv
∑
∈
. i.e ),(=)(2 21 kkGS
VvVv
∑∑
∈∈
. 
This gives ),(=)(2 21 pkpkGS . Hence the result.     □  
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Theorem 3 If G  is ),( kk ′ -totally regular bipolar fuzzy graph, then 
),(=)()(2 kppkGOGS ′+  where |=|Vp .  
  Proof. Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and ),(= 22 −+ mmB  
be two bipolar fuzzy sets on a non-empty finite set V  and VV ×  respectively. Since G  is a 
),( kk ′ -totally regular fuzzy graph. So )()(=)(= 1 vmvdvtdk +++ +  and 
)()(=)(= 1 vmvdvtdk −−− +′  for all Vv∈ . Therefore )()(= 1 vmvdk
VvVvVv
+
∈
+
∈∈
∑∑∑ +  and 
)()(= 1 vmvdk
VvVvVv
−
∈
−
∈∈
∑∑∑ +′ . )(2= GSpk +  and )(2= GSkp −′ . So 
)()())()(2(= GOGOGSGSkppk −+−+ +++′+ . Hence ),(=)()(2 kppkGOGS ′+ .  □  
 
 
4  Irregular bipolar fuzzy graphs 
 
 Irregular bipolar fuzzy graphs are as important as regular bipolar fuzzy graphs. We now 
define it.  
Definition 9 Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
G  is said to be irregular bipolar fuzzy graph if there exists a vertex which is adjacent to a vertex 
with distinct degrees.  
  
Example 4  Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively, 
where },,,{= 4321 vvvvV . 1)(0.8,=)( 1 −vd , 1)(0.8,=)( 2 −vd , 1.4)(1.2,=)( 3 −vd , 
0.4)(0.4,=)( 4 −vd . Here )()( 32 vdvd ≠ . So this graph is an example of irregular bipolar fuzzy 
graph, shown in Figure 3. 
 
  
 
                             
 
  
Figure  3:  Example of irregular bipolar fuzzy graph. 
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Neighbourly irregular bipolar fuzzy graph is a special case of irregular bipolar fuzzy 
graph.  
Definition 10 Let G  be a connected bipolar fuzzy graph. Then G  is called neighbourly 
irregular bipolar fuzzy graph if for every two adjacent vertices of G  have distinct degrees.  
  
Definition 11 Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
G  is said to be totally irregular bipolar fuzzy graph if there exists a vertex which is adjacent to a 
vertex with distinct total degrees.  
  
Example 5  Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
Let (0.3,0.2)}0.6),(0.4,0.4),(0.5,{= 321 vvvV −− . 1.1)(0.7,=)( 1 −vd , 1.3)(0.6,=)( 2 −vd  and 
1.2)(0.5,=)( 3 −vd . Here 1.5)(1.2,=)( 1 −vtd  and 1.9)(1,=)( 2 −vtd .  So this graph is an example 
of totally irregular bipolar fuzzy graph.  
  
Definition 12 Let G  be a connected bipolar fuzzy graph. Then G  is called neighbourly 
totally irregular bipolar fuzzy graph if for every two adjacent vertices of G  have distinct total 
degrees.  
 
            Definition 13 Let G  be a connected bipolar fuzzy graph. Then G  is called highly 
irregular bipolar fuzzy graph if every vertex of G  is adjacent to vertices with distinct degrees.  
 
 
Example 6  Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively 
where },,{= 321 vvvV . 0.5)(0.6,=)( 1 −vd , 0.4)(0.8,=)( 2 −vd  and 0.4)(0.5,=)( 3 −vd . The graph 
is an example of highly irregular bipolar fuzzy graph.  
 
A highly irregular bipolar fuzzy graph need not be neighbourly irregular bipolar fuzzy 
graph. As for example we consider a bipolar fuzzy graph of vertices 
0.4)(0.4,0.4),(0.5,0.5),(0.6,0.4),(0.5, 4321 −−−− vvvv  with 
0.3=),(0.4,=),( 212212 −−+ vvmvvm , 0.4=),(0.2,=),( 322322 −−+ vvmvvm , 
0.4=),(0.2,=),( 422422 −−+ vvmvvm , 0.3=),(0.4,=),( 432432 −−+ vvmvvm . So 
0.7)(0.6,=)(0.7),(0.6,=)(1.1),(0.8,=)(0.3),(0.4,=)( 4321 −−−− vdvdvdvd . Here the bipolar 
fuzzy graph is highly irregular but not neighbourly irregular as )(=)( 43 vdvd . 
 
Theorem 4  Let G  be a bipolar fuzzy graph. Then G  is highly irregular bipolar fuzzy 
graph and neighbourly irregular bipolar fuzzy graph if and only if the degrees of all vertices of 
G  are distinct.  
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  Proof. Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and ),(= 22 −+ mmB  
be two bipolar fuzzy sets on a non-empty finite set V  and VV ×  respectively. Let 
},,,{= 21 nvvvV … . We assume that G  is highly irregular and neighbourly irregular bipolar fuzzy 
graphs. Let the adjacent vertices of 1u  be nuuu ,,, 32 …  with degrees ),(),,(),,( 3322 −+−+−+ nn kkkkkk …  
respectively. As G  is highly and neighbourly irregular, )()()()( 321 nudududud ≠≠≠≠ … . So it 
is obvious that all vertices are of distinct degrees. 
Conversely, assume that the degrees of all vertices of G  are distinct. This means that 
every two adjacent vertices have distinct degrees and to every vertex the adjacent vertices have 
distinct degrees. Hence G  is neighbourly irregular and highly irregular fuzzy graphs. □  
 
Complement of a bipolar fuzzy graph is defined below.  
 Definition 14 Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and 
),(= 22 −+ mmB  be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. 
The complement of a bipolar fuzzy graph G  is ),(= BAG  where ),(= −+ AA mmA  is a bipolar 
fuzzy set on V  and ),(= −+ BB mmB  is a bipolar fuzzy set on VVE ×⊆  such that 
(1) VV = , 
(2) )(=)( xmxm AA ++  and )(=)( xmxm AA −−  for all Vx∈ , 
(3)  
 



∧ ++
+
+
.),()(
0,>),(0,
=),(
otherwiseymxm
yxmif
yxm
AA
B
B  
 
 



∨ −−
−
−
.),()(
0,<),(0,
=),(
otherwiseymxm
yxmif
yxm
AA
B
B  
 
 
If a bipolar fuzzy graph G  is neighbourly irregular, then G  is not be neighbourly 
irregular. Let us consider a bipolar fuzzy graph whose non adjacent vertices are of same degree. 
Then clearly, adjacent vertices of G  are of same degree. Hence the statement is true. 
 
Theorem 5 Let G  be a bipolar fuzzy graph. If G  is neighbourly irregular and −+ 11 , mm  
are constant functions, then G  is a neighbourly total irregular bipolar fuzzy graph.  
  Proof. Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and ),(= 22 −+ mmB  
be two bipolar fuzzy sets on a non-empty finite set V  and VVE ×⊆  respectively. Assume that 
G  is a neighbourly irregular bipolar fuzzy graph. i.e. the degrees of every two adjacent vertices 
are distinct. Consider two adjacent vertices 1u  and 2u  with distinct degrees ),( 11 −+ kk  and 
),( 22 −+ kk  respectively. Also let, 11 =)( cum+  for all Vu∈ , 21 =)( cum−  for all Vu∈  where 
1,0)[(0,1], 21 −∈∈ cc  are constant. Therefore 
),(=))(,)((=)( 211121111 ckckcudcudutd ++++ −+−+ , 
),(=))(,)((=)( 221222122 ckckcudcudutd ++++ −+−+ . Clearly )()( 21 utdutd ≠ . Therefore for any 
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two adjacent vertices 1u  and 2u  with distinct degrees, its total degrees are also distinct, provided 
−+
11 , mm  are constant functions. The above argument is true for every pair of adjacent vertices in 
G .   □  
 
Theorem 6 Let G  be a bipolar fuzzy graph. If G  is neighbourly total irregular and 
−+
11 , mm  are constant functions, then G  is a neighbourly irregular bipolar fuzzy graph.  
  Proof. Let ),(= BAG  be a bipolar fuzzy graph where ),(= 11 −+ mmA  and ),(= 22 −+ mmB  
be two bipolar fuzzy sets on a non-empty finite set V  and VV ×  respectively. Assume that G  is 
a neighbourly total irregular bipolar fuzzy graph. i.e. the total degree of every two adjacent 
vertices are distinct. Consider two adjacent vertices 1u  and 2u  with degrees ),( 11 −+ kk  and 
),( 22 −+ kk  respectively. Also assume that 11 =)( cum+  for all Vu∈ , 21 =)( cum−  for all Vu∈  where 
1,0)[(0,1], 21 −∈∈ cc  are constants. Also )()( 21 utdutd ≠ . We are to prove that )()( 21 udud ≠ . 
1211 ckck +≠+
++
 and 2221 ckck +≠+
−−
. So ++ ≠ 21 kk  and 
−− ≠ 21 kk . Hence the degrees of adjacent 
vertices of G  are distinct. This is true for every pair of adjacent vertices in G . Hence the 
result.□  
 
5  Conclusion 
  
In this paper we have described degree of a vertex, order, size and underlying crisp graph 
of a bipolar fuzzy graphs. The necessary and sufficient conditions for a bipolar fuzzy graph to be 
the regular bipolar fuzzy graphs have been presented. Size of a bipolar fuzzy graphs and relation 
between size and order of a bipolar fuzzy graphs have been calculated. We have defined irregular 
bipolar fuzzy graphs, neighbourly irregular, totally and highly irregular bipolar fuzzy graphs. 
Some relations about the defined graphs have been proved. 
Some theoretical discussions on bipolar fuzzy graphs have been made. We want to make, 
in near future, some algorithm and models using these results. 
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